Background: Sedentary behaviors have recently become an important public health issue. We aimed to investigate the relationship between screen time and nutrient intake in children and adolescents. Methods: The present study was conducted in 2013. Data were collected from children and adolescents aged between 6 and 15 years old in Shika town. Questionnaires were distributed to 1459 subjects, 1414 of whom participated in the study (96.9%). Sedentary behaviors were assessed based on participants' screen behaviors (television (TV) viewing, personal computer (PC) use, and mobile phone (MP) use). The main outcomes were the intake of nutrients from a validated food frequency questionnaire. Analysis of covariance (ANCOVA) was used to examine the significance of differences in nutrient intake estimates. Multivariate linear regression analyses, adjusting for age, BMI, and physical activity, were used to provide parameter estimates (β) and 95% CI for the relationship between screen time and nutrient intake. Results: In boys, longer TV viewing times correlated or tended to correlate with a lower intake of protein, potassium, calcium, iron, vitamin K, vitamin B-2, and total dietary fiber. In girls, longer TV viewing times correlated with a lower intake of protein, sodium, calcium, vitamin D, and vitamin B-2. Longer TV viewing times correlated with a higher intake of n-6 fatty acids in girls. PC use was related or tended to be related to a lower intake of potassium, iron, vitamin K, and folic acid in boys, but not in girls. A relationship was observed between MP use and a lower intake of vitamin K in boys, and MP use and a higher intake of vitamin D in girls. Conclusions: The present results revealed that longer TV viewing times are associated with less protein, minerals, vitamins, and total dietary fiber intake in children and adolescents. It was also revealed that boys with PC use have less minerals and vitamins. These results support the need to design intervention programs that focus on decreasing TV viewing time in both sexes and PC use in boys while encouraging adherence to dietary guidelines among children and adolescents.
Background
Sedentary behaviors have recently become an important public health issue. Sedentary behaviors are "sitting or lying tasks performed in the waking hours with low levels of energy expenditure" [1] . There is evidence to suggest that sedentary behaviors are linked to adverse health outcomes. Observational studies reported that a prolonged sedentary time, in particular time spent watching television (TV), was linked to an increased risk of obesity, type 2 diabetes mellitus, cardiovascular disease, and premature death [2, 3] . However, these relationships are not always consistent across age, gender, or health outcomes.
Although sedentary behaviors have been suggested to contribute to young individuals being overweight and obese, the evidence obtained to support this remains controversial. This may be due to the influence of a third variable or co-existing health behaviors. One variable that may co-vary with sedentary behaviors is diet [4, 5] . The consumption of a healthier diet reduces the risk of obesity and numerous chronic diseases [6] .
Previous studies demonstrated that TV viewing was linked to a less healthy diet such as a lower intake of fruit and vegetables; the higher consumption of energy-dense snacks, drinks, and fast food; and a higher total energy intake in young individuals [4, 5] . These findings suggest that dietary intake plays a role in the relationship between TV viewing and health [7] . However, the relationships among sedentary behaviors and nutrient intake have not been examined in sufficient detail in children and adolescents.
Most of the published research on sedentary and dietary behaviors has focused on TV viewing times [4, 5] . Due to the recent increase in non-TV screen times, more information is needed on the relationship between personal computer (PC) and mobile phone (MP) use and nutrient intake in children and adolescents.
Therefore, we herein aimed to investigate the relationship between screen time, including PC and MP use, and nutrient intake among children and adolescents. To the best of our knowledge, few studies have examined this relationship.
Methods

Data and participants
We utilized cross-sectional data from the Shika study in Shika town. Shika town is located in a rural area of Ishikawa prefecture, Japan, with a population of 21,061 individuals. Major industries include electronic component manufacturing, farming, construction, and tourism. The climate is humid subtropical. The Shika study is an ongoing population-based survey that aims to investigate the lifestyle and health status of the Japanese population. This cross-sectional study was primarily designed to assess nutrient intake and associated behaviors in a sample of Japanese children and adolescents. The present study was performed between October and December, 2013. Data were collected from the guardians of children aged between 6 and 15 years old in Shika town. Our laboratory signed a research agreement with Shika town for health promotion. All the students of compulsory school age who went to Elementary School or Junior High School in Shika town in 2013 were eligible to participate in the study. We distributed questionnaires in collaboration with these Schools. We visited each school and handed questionnaires to the school principal or the school nurse. The school principal or the school nurse handed them to the homeroom teacher. The homeroom teacher explained about questionnaires and handed them to students. Questionnaires were distributed to 1459 guardians through students, 1414 of whom participated in this study (96.9%). We asked the guardians to fill in the questionnaire with their children, as much as they could, to reflect their children's usual behavior accurately, to the greatest extent possible.
Primary measures Screen time (independent variable)
Sedentary behaviors were assessed based on the screen behavior of participants during the week. Screen behavior was assessed by asking about the time spent on each screen on an average school day. We categorized TV viewing times as moderate (< 2 h/day) and higher (≧ 2 h/day). This is consistent with the definitions of high and low TV viewing in the literature [8] . PC and MP use were categorized as non-users and users. When the participants viewed DVDs on PC or channel on YouTube, they counted such viewing times as PC using times, not as TV viewing times.
Dietary variables (dependent variables)
The main outcome was the intake of nutrients from the validated food frequency questionnaire. We utilized the brief self-administered dietary history questionnaire (BDHQ). BDHQ asks about dietary history during the preceding 1 month. BDHQ is based on a comprehensive version of a validated self-administered questionnaire (i.e., DHQ) [9] . BDHQ 3y, 10y, and 15y (for Japanese preschool children aged 3-6 years, elementary school children aged 7-12 years, and junior high school children aged 13-15 years, respectively) were developed by modifying the adult version. We used BDHQ 10y for the participants of elementary school and 15y for the participants of junior high school). Each BDHQ listed 54 to 67 food items, respectively, in view of the legibility and knowledge of food. The intake of energy and 99 nutrients was estimated using a computer algorithm for BDHQ. Nutrient intake was reported in terms of energy density (% energy or per 1000 kcal). Its validity is currently moderate to low [10, 11] . Therefore, we selected nutrients that were shown to have moderate validity in the study. Details on BDHQ are described elsewhere [9, [12] [13] [14] . Participants who reported less than 600 kcal or more than 4000 kcal energy intake per day were excluded from the analyses.
Covariates (demographics, body weight status, and physical activity)
Covariates included in the multivariable analysis consisted of age, body weight status, and physical activity (PA). Obese children are known to be more strongly affected by TV, with respect to their food intake, than children who are a normal weight or overweight [15] . Body weight status was based on body mass index (BMI) calculated from self-reported heights and weights. BMI was computed based on the standard formula (kg/m 2 ) [6]. BMI was used to classify children as underweight, normal weight, and overweight (including obese) based on the International Obesity Task Force reference [16] . Although participation in sedentary behaviors and PA occur independently [17] , research suggests that both types of PA-related behaviors may be associated with dietary behavior [2, 4] . The questionnaire was used to assess the level of PA, which was evaluated by asking the time spent doing PA on an average school day.
Statistical analysis
All analyses were stratified by sex. Descriptive statistics were used to describe participants' demographics, health behavior, and nutrient intake. Categorical variables were presented as percentages (%) and frequencies (N). Continuous variables were summarized as the mean and standard deviation (SD). Analysis of covariance (ANCOVA), adjusting for age, body weight status, and PA, on screen time was used to examine significant differences in nutrient intake estimates. Multivariate linear regression analyses, adjusting for age, BMI, and PA, were used to provide parameter estimates (β) and 95% confidence interval (CI) for the relationship between screen time and nutrient intake. Statistical Package for Social Science (SPSS) version 19 was used for these analyses. Statistical tests were two-sided at a significance level of 5%.
Results
Gender differences in the prevalence of screen time, body weight status, PA, and nutrient intake
The characteristics of the studied population are shown in Table 1 . Thirty-one boys and nine girls were excluded from the analyses. A total of 1374 participants provided data for the variables of interest and were included in the analyses. Boys accounted for 49.4% (N = 679) of samples, while 50.6% (N = 695) were girls. The average ages of the participants were 10.72 (SD = 2.61) years for boys and 10.69 (SD = 2.65) years for girls. The rate of participants who were overweight was significantly higher in boys (p < 0.001). The rates of participants using MP (p < 0.001) and being physically inactive (p < 0.001) were significantly higher in girls. Boys were more likely to have a total energy intake (p < 0.001) and consume carbohydrates (p < 0.001). Girls were more likely to consume protein (p = 0.027), fat (p < 0.001), fatty acids (saturated fatty acids, p = 0.002; n-3 fatty acids, p = 0.010; n-6 fatty acids, p < 0.001), minerals (excluding calcium; sodium, p < 0.001; potassium, p < 0.001; iron, p < 0.001), vitamins (excluding vitamin D; vitamin K, p < 0.001; vitamin B-1, p = 0.016; vitamin B-2, p = 0.003; folic acid, p < 0.001; vitamin C, p < 0.001), cholesterol (p < 0.001), and total dietary fiber (p < 0.001).
Nutrients intake according to screen time
There was a significant main effect of screen time on the consumption of nutrients. The following screen time correlated or tended to correlate with nutrient intake in ANCOVA (Tables 2, 3 Boys who used PC had smaller intake of potassium (p = 0.056), iron (p2 = 0.060), vitamin K (p = 0.029), and folic acid (p = 0.047). There was no difference in nutrient intake between girls who used PC and girls who did not use PC.
Boys who used MP consumed less vitamin K (p = 0.027). Girls who used MP were more likely to consume vitamin D (p = 0.034).
Relationship between screen time and nutrient intake
The relationship between screen time and nutrient intake are shown in Tables 5, 6 and 7. The following nutrient intake remained correlated or tended to correlate with screen time.
In boys, longer TV viewing times correlated with a lower intake of protein (β = − 0.109, p = 0. Table 6 The relationship between personal computer using and nutrient intake 
Discussion
While many studies have investigated relationships among sedentary behaviors and diet, few have examined those among sedentary behaviors and nutrient intake in children and adolescents. Each of these health behaviors is an independent risk factor for chronic diseases, and thus, studies are required in order to establish whether these behaviors need to be targeted independently or jointly. Since technology-based sedentary behaviors may change quickly, relationships with new types of sedentary behaviors need to be examined. Therefore, the purpose of the present study was to elucidate the relationship between screen time and nutrient intake in children and adolescents. The results obtained showed a relationship between longer TV viewing times and less protein, minerals, vitamins, and total dietary fiber intake. Relationship between PC use in boys and less minerals and vitamins was also shown. On the contrary, PC use in girls and MP use was not strongly implicated in these nutrient intakes. Our results suggest that some types of screen time and nutrient intake do not occur in isolation.
A previous study that analyzed the combined data of boys and girls noted a negative relationship between TV viewing and protein intake [18] , whereas this relationship was not detected in three other studies [16, 17] . In the present study, we found negative relationships in boys and girls. TV viewing was negatively associated with calcium intake in three out of five previous studies [15, 17, 18] . We found that TV viewing negatively correlated with calcium intake in boys and girls. Although a previous study reported no correlation between TV viewing and iron intake [19] , we found this relationship in boys. Previous studies reported a negative relationship between TV viewing and total dietary fiber [15, 17, [19] [20] [21] . This finding is consistent with the present results obtained from boys [22] [23] [24] . In addition to these results, negative correlations were observed between TV viewing and potassium, vitamin K, and vitamin B-2 in boys, and sodium, vitamin D, and vitamin B-2 in girls. Positive correlation was also found between TV viewing and n-3 fatty acids in girls.
A meta-analysis revealed that the relationship between weight status and screen time in young individuals was weak or inconsistent [25] . Weak or inconsistent relationship between screen time and weight status may be attributed to the moderating effects of nutrient intake. In other words, weight status may be related to nutritional consumption from screen time, resulting in inconsistencies in findings when investigating screen time and weight status only. A high frequency of the consumption Table 7 The relationship between mobile phone using and nutrient intake of food in front of the TV has the potential to have an impact on the energy balance and, ultimately, body weight [15] . Sugar-sweetened beverages have been implicated in weight gain [26] and may be one of the mechanisms linking screen time with obesity. Several mechanisms have been proposed to explain the relationship between screen behavior and dietary intake. One possible explanation is that children and adolescents with more screen time may be less physically active. This reduced PA may lead to a less healthy nutrient intake. However, we found a relationship between TV viewing and nutrient intake even after adjustments for PA. Another explanation is that screen users are exposed to numerous advertisements that may influence the type of food consumed [27] . A previous study on advertising and programming content reported the presence of frequent advertisements for "fast food, sugar-sweetened beverages, and other nutrient-poor calorically dense snacks along with a lack of content for low-calorie, nutrient-dense foods such as fruit and vegetables" [28] . Observed negative correlation between TV viewing and sodium intake may be due to more intake of such nutrient-poor foods instead of staple foods, main dishes, or side dishes which contain high levels of sodium in Japan. Furthermore, it has been hypothesized that individuals eat more while watching TV because they are distracted [29] . "Distracted eating" is "the dominance of the automatic system (over the reflective one) when making decisions pertaining to eating during TV viewing; that is, people are more likely to make emotional and uncontrolled decisions about eating and are less exposed to cues that would limit food intake when distracted by screen time" [29] . Experimental studies [30, 31] have shown that watching TV while eating may cause a distraction. Future studies are needed in order to elucidate the underlying mechanisms.
Due to the recent decrease in TV screen time and increase in PC and MP screen times among young individuals, the relationship between PC and MP use and nutrient intake differed from that between TV viewing and nutrition intake after adjustments for age, BMI, and PA. In girls, a positive correlation was observed between MP use and vitamin D intake, unexpectedly. MP use may have some good influence on nutrient intake in girls. However, we found such correlation only in vitamin D. We need more detailed analysis to unravel this finding. The relationship between PC use in girls and MP use and nutrient intake (Tables 2, 3 , and 4) may be attributed to PA. PC use in girls and MP use may not have a similar effect as TV viewing.
From the perspective of public health, our results demonstrate that children and adolescents need to reduce the amount of time they spend watching TV as well as the frequency of eating in front of the TV screen in order to reduce health risks. Besides, girls need to be careful not to increase the amount of sodium they take. Boys need to reduce the time spent for using PC.
The strength of the present study is that we conducted a complete survey on children aged between 6 and 15 years old in one town. We also collected questionnaires at a high response rate. These strengths allowed us to examine the relationship between screen time and nutrient intake, excluding selection biases, especially non-respondent bias or volunteer bias, as much as possible.
The limitations of the present study were as follows. This study relied on self-reported screen times, which are only proxies of sedentary times and are subject to recall bias, even though self-report methods of quantifying screen time have been shown to have acceptable reliability and validity in children [32] . Furthermore, despite the use of a validated and detailed one-month food record, we cannot exclude possible measurement errors in nutrition. Therefore, adjustments for energy intake are suggested in order to reduce bias when examining the relationship between individuals' dietary intakes and other health-related outcomes. We adhered to this in the present study. Moreover, the BDHQ 10y and 15y do not include the calculation for supplements, which could influence calculation results of nutrient values. Another limitation is that the study design was cross-sectional in nature; therefore, the causality and directionality of relationships cannot be assessed. Future studies need to be longitudinal in design. In addition, we did not consider the similarities between participants from the same family.
Conclusions
The present results revealed that children and adolescents with longer TV viewing times have less protein, minerals, vitamins, and total dietary fiber. It was also revealed that boys with PC use have less minerals and vitamins. These results support the need to design intervention programs that focus on decreasing TV viewing times in both sexes and PC use in boys while encouraging adherence to dietary guidelines among children and adolescents. This is crucial because lifestyle habits are formed at an early age and are likely to track into adulthood. 
